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Abstract
We discuss the thermal evolution of the spurion and messenger fields of ordinary gauge mediation models
taking into account the Standard Model degrees of freedom. It is shown that for thermalized messengers
the metastable susy breaking vacuum becomes thermally selected provided that the susy breaking sector is
sufficiently weakly coupled to messengers or to any other observable field.
1 Introduction
Gauge mediation is an attractive way of generating soft susy breaking in the Supersymmetric Stan-
dard Model [1]-[8]. There exist viable models of gauge mediation, complete with detailed hidden
sectors where susy is broken dynamically through strong dynamics; for a recent review see [9].
Since the details of the hidden sector are often phenomenologically irrelevant, the hidden sector is
parameterized by a singlet field X which is a spurion of susy breaking and messengers φ, φ¯ that
through gauge interactions communicate susy breaking from the hidden sector to the Supersym-
metric Standard Model fields. The most general renormalizable, gauge invariant and R-symmetric
superpotential is
W = FX + (λijX +mij)φiφ¯j . (1)
This theory can give either vanishing or non-vanishing gaugino masses at the leading order and a
classification of the different cases can be found in [10]. It was shown in [11] that the gaugino masses
are closely related to the vacuum structure of the theory. The formula for the gaugino masses at
leading order in susy breaking is
mg˜ ∼ F † ∂
∂X
log det(λijX +mij) (2)
and one can see that they vanish when det(λX+m) = detm. In this case the origin X = 0 is locally
stable because there the scalar messengers have positive squared masses. On the other hand, when
det(λX +m) depends on X , the gaugino masses are nonzero at the leading order. But there is a
price to pay: there are no bare masses to protect all the messengers from becoming tachyonic for
|X | < Xmin, i.e. at the origin of field space. This implies the necessity the spurion field X to be
stabilized at a nonzero vacuum expectation value (vev) far from the origin. The superpotential (1)
doesn’t determine the vev of X which is, at tree level, a pseudo-modulus. It can get a potential from
perturbative quantum corrections in the effective theory which lift the degeneracy. The Coleman-
Weinberg potential usually stabilizes the pseudo-modulus at X = 0 which implies that the potential
runs off to infinity or to a susy vacuum at X = 0, φ, φ¯ 6= 0.
Therefore, one has either to turn to models with locally stable origin and a mass hierarchy between
sfermions and gauginos (ISS [12] and other direct mediation models fall to this category however,
deformations of the ISS can evade this problem, [13] is a first example) or to look for ways to stabilize
the spurion at an X 6= 0 minimum. The former direction conflicts with a light Higgs necessary for
the generation of the electroweak scale, except if one is ready to accept a more severe fine tuning
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in the Higgs sector. The later direction, fortunately, is not a blind siding. Gravitational effects and
the need to cancel the cosmological constant in the phenomenologically acceptable vacuum can shift
the susy breaking minimum at X 6= 0 outside the tachyonic region [14]. Also, it has been shown [15]
that when there are fields with R-charges R 6= 0, 2 the 1-loop corrections can create an R-symmetry
breaking minimum at X 6= 0. Adding an explicit R-symmetry breaking mass term for messengers
can stabilize the susy breaking minimum as well [16].
Despite the above positive results the theories (1) with metastable vacua that give non-vanishing
gaugino masses are cosmologically questioned. The thermal evolution of the hidden sector-messenger
fields disfavours the selection of these susy breaking minima [17, 18, 19]. The free energy density
minimizes at the origin of the field space and as the temperature decreases a phase transition towards
the susy preserving vacuum takes place. On the contrary, vacua that give vanishing leading order
gaugino masses are generally thermally preferred, see [20, 17, 21] for the ISS model.
The cosmological selection of these phenomenologically viable theories can be accomplished as-
suming a non-thermal evolution as in [22] or even with thermalized messengers [19]. Nevertheless,
whatever the proposed solution was, the spurion X had to be in a particular way displaced at the
time of reheating and obviously, the exact value of displacement is highly model dependent.
In this Letter, we show that the Supersymmetric Standard Model (SSM) degrees of freedom can
change the thermal history of the gauge mediation models in the limit of small coupling between
the susy breaking and the messenger sector. We continue the discussion of [19] taking into account
the SSM fields explicitly. We show that when λ ≪ 1 the metastable susy breaking vacuum can be
thermally selected. Thermal selection means that the messengers are thermalized, i.e. the reheating
temperature is large enough. The metastable vacuum is realized without the domination of the
energy density of the universe by the spurion and hence, without a late entropy production.
2 Metastable Gauge Mediated Susy Breaking
The minimal model of ordinary gauge mediation is
W = FX − λXφφ¯ (3)
where X is a standard model gauge singlet field and φ, φ¯ messenger fields carrying Standard Model
quantum numbers. The scalar potential in the global limit reads
VF = |F |2 + |λ|2|X |2
(|φ|2 + |φ¯|2)− (F †λφφ¯ + h.c.) + |λ|2|φ|2|φ¯|2
(4)
for canonical Ka¨hler. The λ and F can be considered real after a phase rotation. The X = 0, φφ¯ =
F/λ is a supersymmetric flat direction. The φ = φ¯ = 0, X is the susy breaking flat direction with
X not determined at tree level. An R-symmetric extension of the minimal model (3) is to include
an extra set of messengers plus a mass parameter:
W = FX + λXφ1φ¯1 + λXφ2φ¯2 +mφ1φ¯2. (5)
The directions φ¯1 and φ2 in the field space are not protected by the mass term. The area about the
origin |X |2 < F/λ is tachyonic for both models (3) and (5).
The degeneracy along the X-direction can be lifted. The interaction term λXφφ¯ induces at one-
loop level a correction to the Ka¨hler potential δK ≃ −(λ2/16π2)|X |2 log(|X |2/M2) which attracts
X to the origin. In addition, the initial Ka¨hler for the spurion may be non-canonical and take the
form
K = X†X − (X
†X)2
Λ2
(6)
with a cut-off scale Λ. For |X | < Λ the potential scales like V ∼ |X |2F 2/Λ2. Above that scale
another (microscopic) theory takes over. A simple example is an O’Raifeartaigh type superpotential
W = moχ1χ2+ koXχ
2
1+FX . For
√
F ≪ mo the O’Raifeartaigh fields χ1 and χ2 are integrated out
in and the effective superpotential is Wlow = FX + messengers. The presence of the raifeartons
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is encoded in the Ka¨hler potential which includes the one-loop contribution from χ fields and at
low energies is effectively described by (6) with Λ2 ∼ m2o/k4o . Another possibility is that X is a
composite particle which forms a bound state below the scale Λ.
The next question concerns the expectation value of the pseudo-modulus spurion. Obviously it
has to be stabilized at |X | > Xmin. Generally, this can happen thanks to gravity. Adding to the
superpotential a dimensionful constant c in order to cancel the cosmological constant at the susy
breaking vacuum and for the Ka¨hler (6) the minimum is at [14]
〈X〉 ≃
√
3Λ2
6MP
. (7)
There is also a way to give a vev to X for the superpotential (3) even in the global limit. Assuming
a Ka¨hler potential
K = X†X +
(X†X)2
Λ21
− (X
†X)3
Λ42
(8)
for Λ
3/2
1 /M
1/2
P < Λ2 < Λ1, the spurion is stabilized at 〈X〉 = Λ22/Λ1, where U(1)R is spontaneously
broken.
For canonical Ka¨hler the Coleman-Weinberg correction can give an 〈X〉 6= 0, breaking also
spontaneously the R-symmetry, if there are exotic messenger R-charges [15]. In particular for the
superpotential (5) there is a minimum at 〈X〉 ≃ 0.3m/λ. We note that the minimal model (3)
cannot exhibit such a behaviour because there is no field with charge R 6= 0, 2.
Another simple solution to the problem of the spurion stabilization is to add to the superpotential
(3) an explicit U(1)R violating mass term Mφφ¯ for the messengers [16, 23]
W = FX − λXφφ¯−Mφφ¯. (9)
This relegates the susy vacua to X 6= 0 and a Ka¨hler of the form (6) can stabilize safely the spurion at
the origin. This model has similarities with the gravitational stabilization. Here, instead of the con-
stant c it is the massM that violates the R-symmetry. After the transformationX → X˜ = X+M/λ
the superpotential and the Ka¨hler metric read respectivelyW = FX˜−λX˜φφ¯−FM/λ and KX˜†X˜ =
1 − 4
(
|X˜|2 − (X˜ + X˜†)M/λ+ (M/λ)2
)
/Λ2. This will result in a term linear in X˜ that shifts the
minimum of the susy breaking vacuum to
〈
X˜
〉
=M/λ. The susy preserving is at X˜ = 0, φφ¯ = F/λ.
The fact that the susy breaking vacuum is a local minimum in the field space, with an unstable ori-
gin, makes these theories cosmologically doubtful. The messengers carrying SU(3)× SU(2)× U(1)
quantum numbers get thermalized and, also, induce thermal masses on the spurion X [19]. The
unstable origin becomes the minimum of the finite temperature effective potential since the thermal
masses compensate the tachyonic ones. For coupling λ of order O(1) there is a second order phase
transition towards the susy preserving vacua.
However, as we will demonstrate in the next section, in the limit λ ≪ 1 the thermal evolution
radically changes and the selection of the metastable vacuum can take place naturally. The small
coupling is necessary in order the thermal mass of the spurion to stay small and hence, the metastable
vacuum to emerge from the thermal corrections at high temperatures. On the other hand, while λ
decreases, the messenger thermal masses cannot become arbitrary small thanks to the SSM degrees
of freedom. Thus, the messenger tachyonic masses are ’covered’ by the thermal ones until lower
temperatures. Asking for a particularly small coupling between messengers and the spurion prompts
us to check whether other interactions could alter this picture. Actually, only if the exact interactions
of messengers and spurion fields are known one can trace the thermal evolution of the system. Below,
we will briefly summarize some extensions of the minimal interactions (3) of X , φ and φ¯ with SSM
fields.
Firstly, one can assume that there is a mixing of the messenger fields with ordinary fields. This
could enhance further the thermal effects. The messenger superfields φ¯ have the same quantum
numbers as the ordinary, visible d¯ superfields. The difference is that the former have couplings of
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the form Xφφ¯ whereas, the later have Yukawa couplings, QHDd¯. Thus, one can consider a simple
modification that takes place in the Yukawa sector. In particular a messenger-matter mixing [24]
HDLiY
l
ij e¯j +HDQiY
d
ij d¯j (10)
with each of Li and d¯i refers to the four objects with the same quantum numbers. The convention
is that the L4 and d¯4 are a linear combination of fields which couple to the spurion X . Y
l is a 4× 3
matrix while Y d is a 3×4 matrix, and the Y l4i and Y di4 are the ”exotic” Yukawa couplings. The above
messenger-matter mixing, if present can also contribute to the thermal mass squared of messengers
with an additional (|Y l4i|2+ |Y di4|2)T 2 term in the effective potential. However, this mixing results in
non-universal contributions to scalar masses and FCNC constraints the exotic Yukawa couplings to
be weaker than the ordinary Yukawa couplings.
Another possibility is that the messengers couple to the Higgs superfields in the superpotential
W = kHUφ1φ2 + k¯HDφ¯1φ¯2. (11)
This coupling was proposed in [25] in order to generate a µ-term at one-loop level. For k = O(1)
this coupling can induce a significant thermal mass on messengers.
On the other hand the gauge singlet X may have direct couplings to SSM Higgs superfields
W ⊃ ǫXHUHD (12)
with a small coefficient ǫ. This interaction was introduced in order to generate at tree level a Bµ-
term for the Higgs sector [26]. For low energy phenomenological reasons it has to be negligible small.
If ǫ < λ then it is negligible in the finite temperature effective potential as well.
To sum up, the couplings in the case of (10) are negligible, whereas the (11) and (12) may be
important and could modify the critical temperature of the phase transitions. In the next section
we will present the thermal evolution of the spurion and messengers taking into account only the
gauge vector fields which by definition are present and probably account for the most significant
thermal contributions. We will comment on the possible effects of (11) and (12) combined with the
cosmological constraints in the conclusions.
3 Thermal Evolution
If one neglects the SSM degrees of freedom, the thermalized system of fields evolves towards the susy
preserving vacua [19]1. This makes perfect sense. Having only one coupling λ to the thermal plasma
messengers and spurion are equally influenced by the thermal equilibrium. The messengers, having
tree level masses, are heavier than the spurion which receives a mass of quantum origin (either due
to non-minimal Ka¨hler or to Coleman-Weinberg corrections from the interaction with messengers).
Therefore, higher temperatures are required to overwhelm the messenger tree level masses rather
than the small ’quantum’ mass of X .
Including the Standard Model gauge bosons introduces an extra contribution gT to the messenger
thermal masses but not to the thermal mass of the spurion. Decreasing the coupling λ the spurion
thermal mass, λT , is suppressed while the messengers’ remains gT . Therefore, there is a threshold
value of the coupling, λmax, that below this value the phase transitions get inversed: the transition
to the metastable susy breaking vacuum precedes the transition to the supersymmetric one.
At finite temperature the fields that interact with the thermal plasma are no longer in their vac-
uum state. The occupation numbers nk are given by the Bose-Einstein formula. The temperature de-
pendent 1-loop effective potential is of the form [28, 29] V T1 ∼ T 4
∫
dxx2 ln
(
1± exp
(
−
√
x2 +M2i /T
2
))
where M2i is an eigenvalue of the mass squared matrices. In the high temperature limit where T is
much greater than the mass eigenvalues the scalar potential reads
V¯ T1 (φc) ≃ −
π2T 4
90
(
NB +
7
8
NF
)
+
T 2
24
[∑
i
(M2S)i + 3
∑
a
(M2V )a +
∑
r
(MF )
2
r
]
(13)
1Except if the system of fields, for λ≪ 1, is trapped close to the metastable vacuum after inflation [19].
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Figure 1: The figures show the region of parameter space where the supersymmetry breaking minimum is metastable
(white and yellow region) for the case of (a) gravitational stabilization and (b) messenger massMφφ¯. In the yellow region,
below the green dashed line, the thermal selection of the metastable vacuum is realized. The red line separates gauge
mediation, m3/2 < 0.1mg˜ , from gravity mediation. In the panel (b) the Ka¨hler correction scale is fixed at Λ = 2.4× 10
15
GeV.
where we have omitted the negligible terms linear in temperature. We are interested in how the
thermal effects change the shape of the potential and in particular in the position of the high
temperature minima and how they evolve as the temperature decreases. In principle we should
include the D-terms in the scalar potential i.e. V = VF + VD. The D-term contribution to the
sfermion masses can vanish if one imposes the ”messenger parity” proposed in [27] -but not for the
superpotential (5). Although the D-terms may be problematic for the low energy phenomenology
they do not change essentially the thermal evolution of the fields.
The messenger superfields φ+ φ¯ can be decomposed into colour triplets q+ q¯ and weak doublets
ℓ+ ℓ¯ which couple to the spurion like
λqXqq¯ + λℓXℓℓ¯ , (14)
where we considered the general case of different λℓ and λq. In the case of unification, e.g. when
the messengers transform in the 5+ 5¯ representations of SU(5) one has λℓ = λq = λ. We explicitly
write it in this way instead of the compact form (3) because the doublets ℓ + ℓ¯ are coupled to the
thermal plasma weaker than the colour triplets q + q¯.
At high temperatures the thermal masses squared compensate the negative ones and the effective
minimum lies at the origin2 of field space. Apart from the spurion3 and the self-coupling of the
messengers, the gauge bosons induce thermal masses for ℓ + ℓ¯ and q + q¯. The interaction between
the observable gauge bosons and the messengers is identified in the kinetic terms. For the scalar
messenger fields the covariant derivatives read
Dµℓ = ∂µℓ− igW aµ
τa
2
ℓ− iyℓ g
′
2
Bµℓ (15)
and
Dµq = ∂µq − igsGaµ
λ˜a
2
q − iyq g
′
2
Bµq (16)
with yℓ,q = −1, −2/3 and yℓ¯,q¯ = 1, 2/3. The triplets q + q¯ couple to the thermal plasma mainly
via the strong gauge coupling gs. The doublets ℓ + ℓ¯ couple with g and g
′/2 of SU(2) and UY (1)
respectively. At high energy gs runs weaker and g, g
′ stronger. For the temperatures discussed here
we consider the approximate values g2s ∼ 4π/17, g2 ∼ 4π/28 and g′2 ∼ 4π/43.
2Except if there are U(1)R violating terms like the constant c or messenger mass terms of the form Mφφ¯ in the superpotential.
Then, the thermal minimum is at X 6= 0.
3For weak coupling λℓ, q the spurion is actually out of equilibrium [19].
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In the vicinity of the origin i.e., q = q¯ = X = 0, the relevant terms in the temperature corrected
scalar potential for the doublets ℓ+ ℓ¯ are
V ⊃ −λℓF
(
ℓℓ¯+ h.c.
)
+ λ2ℓ |ℓℓ¯|2 +
T 2
24
[(
6λ2ℓ +
9
2
g2 +
3
2
g′2
)(|ℓ|2 + |ℓ¯|2)] . (17)
In the O(T 2) part of the potential the contribution of the fermions and the spurion to the thermal
masses of ℓ,ℓ¯ has been taken into account. A decoupled spurion would decrease the coefficient in front
of the λℓ by a factor of 3. We recall that in the above expression the ℓ,ℓ¯ refer to the thermal average
values since the potential is corrected by the temperature dependent part. The critical temperature,
i.e. the temperature when the mass squared at the origin turns from positive to negative can be
seen easier after a diagonalization of the mass matrix. We rotate the fields to L1 = (ℓ¯
† + ℓ)/
√
2 and
L2 = (ℓ¯− ℓ†)/
√
2 and the mass terms in the potential are transformed to
V ⊃ −λℓF
(|L1|2 − |L2|2)+ T 2
24
(
6λ2ℓ +
9
2
g2 +
3
2
g′2
)(|L1|2 + |L1|2) . (18)
The direction L1 becomes tachyonic at temperature
T ℓsusy = 4
√
λℓF
3g2 + g′2 + 4λ2ℓ
. (19)
At this temperature, to a good approximation, a second order phase transition towards the super-
symmetric vacuum takes place. In the case that λℓ ∼ 1 so, λℓ > g the critical temperature will
be
T ℓsusy ≃ 2
√
F
λℓ
, for λℓ ∼ 1. (20)
We see that a small coupling, λℓ ≪ g′, between the spurion and the messenger fields decreases
the critical temperature
√
(3g2 + g′2)/4λ2ℓ times compared to the case of negligible gauge bosons
contribution. The values of gauge couplings, as mentioned above, are 3g2 + g′2 ≃ 1.64 hence, for
λℓ ≪ 1 the decrease can be significant.
In the case that the D-terms don’t vanish the relevant potential reads
V = VF +
1
2
g2
(
ℓ†
~τ
2
ℓ+ ℓ¯†
~τ
2
ℓ¯
)2
+
1
2
(
g′2
2
)2 (
ℓ†ℓ− ℓ¯†ℓ¯)2 . (21)
The effective (thermal) masses of ℓ, ℓ¯ will obtain an extra contribution, but it is of the same order
of magnitude as the previous one and the critical temperature is not essentially changed.
Following the same steps for the triplets q + q¯ it is straightforward one to see that the critical
temperature in this case is
T qsusy = 4
√
λqF
8g2s + (4/9)g
′2 + 4λ2q
. (22)
For weak couplings, λq,λℓ ≪ 1, the critical temperature for the triplets q+ q¯ is lower than the critical
temperature (19) for the doublets ℓ+ ℓ¯ provided that λq/λℓ < (8g
2
s+(4/9)g
′2)/(3g2+g′2). Pluging in
the values of the running gauge couplings for tempereatures of the order T ∼ 109 GeV the previous
condition reads λq/λℓ < 5. Hence, considering λq ∼ λℓ, the first (larger) critical temperature for
the transition to the susy vacua is the one for the doublets. Hereafter we will assume the (19) as
the critical temperature for the system of fields.
The metastable susy breaking vacua appear at temperature TX . The exact value depends on the
way the spurion X is stabilized. We consider separately the cases of stabilization with and without
gravity.
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3.1 Gravitational Stabilization
Gravitational Gauge Mediation
A minimal model is the one described in [14] with W = FX − λXφφ¯+ c and K = |X |2 − |X |4/Λ2.
At zero temperature the origin is unstable in the direction of messengers for |X | < √F/λℓ, q ; at
temperatures T > Tsusy messengers thermal masses overtake the tachyonic ones. The spurion receives
a thermal mass of order λℓT and λqT from doublets and triplets that stabilize X close to zero. As
the temperature decreases the thermal effects weaken and the minimum in the X-direction shifts
towards the zero temperature value. The moment that it exits the (would-be at Tsusy) tachyonic
region, i.e. X >
√
F/λℓ, q, the metastable vacuum forms [19]. This takes place at temperature
squared4
T ℓX
2 ≃ 8 c
√
F
(2λ2ℓ + 3λ
2
q)M
2
P
√
λℓ , T
q
X
2 ≃ 8 c
√
F
(2λ2ℓ + 3λ
2
q)M
2
P
√
λq (23)
for doublets and triplets respectively. Considering λℓ ≃ λq = λ the TX temperature reads
T 2X ≃
8
5
c
λM2P
√
F
λ
(24)
with c = FMP/
√
3 = m3/2M
2
P for vanishing cosmological constant in the metastable vacuum. The
TX can be larger than Tsusy for small coupling λ, namely
λ <
(
3g2 + g′2
10
√
F√
3MP
)2/5
≃
(
0.16
√
F√
3MP
)2/5
. (25)
To present an example for
√
F = 2.4× 109 GeV (m3/2 ≃ 1 GeV) the coupling has to be lower than
λ < 1.0 × 10−4 and for √F = 2.4 × 108 GeV (m3/2 ≃ 10−2 GeV), λ < 3.9 × 10−5. The scaling of
temperatures Tsusy and TX is demonstrated in the figure 2. We recall that gaugino mass of the order
of O(100) GeV relates the parameters F and Λ according to F ≃ 10−14 〈X〉MP . We also remind the
reader that the coupling λ cannot become arbitrary small or large because of the constraints from the
zero temperature stability conditions on the susy breaking vacuum: 10−14(Λ/MP )
−2 < λ < Λ/MP
which are illustrated in figure 1.
In the case of gravitational stabilization, at TX there is no phase transition; only a smooth shift
of the vacuum to larger values. Hence, the system of fields lands at the metastable vacuum if the
effective mass of the spurion X is sufficiently larger than the Hubble scale. Following [30] we assume
that when MX > 30H the X field tags along the position of the temperature dependent minimum
and its oscillations are efficiently damped. In a radiation dominated phase H = 1.66g
1/2
∗ T
2/MP
and MX ≃ λT/
√
2 as one finds from the finite temperature potential. This gives a lower limit on
the ratio λ/T > 30 × 1.66√2g1/2∗ M−1P = O(500)M−1P . Otherwise, the spurion either stays frozen
(when MX < H) to its postinflationary value until lower temperatures or its oscillations about the
metastable vacuum are not efficiently damped (when H < MX < 30H). For the values of coupling
considered here, i.e. 10−8 . λ . 10−4, the limit on the ratio λ/T is not problematic.
3.2 Global Limit
Higher Order Ka¨hler Corrections
For the case of 6th order corrected Ka¨hler function (8) the metastable vacuum survives in the global
limit MP →∞. We consider again λℓ ≃ λq = λ. The metastable vacua appear at [19]
TX =
4√
5
1
λ
F
Λ1
. (26)
4For temperatures T > Tsusy there is single global minimum of the finite temperature effective potential. There are no tachyonic
directions. In the case that TX > Tsusy at the temperature TX the ”would-be metastable” minimum forms; hence, initially the
minimum in the X-direction is global and at Tsusy it becomes local i.e. metastable, but it never becomes unstable. It would become
unstable only if TX < Tsusy.
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neglecting gravity. Also here, we see that decreasing λ increases the temperature TX . For
λ <
(
3g2 + g′2
5
F
Λ21
)1/3
≃
(
0.33
F
Λ21
)1/3
(27)
TX is larger than Tsusy and there is a second order phase transition to the metastable vacuum.
Supersymmetry and U(1)R break spontaneously. For
√
F = 2.4×108 GeV and Λ1 = 2.4×1014 GeV
the coupling has to be smaller than λ < 6.9×10−5 and for
√
F = 2.4×107.5 GeV and Λ1 = 2.4×1013
GeV we take λ < 1.5× 10−4.
Messenger Mass
In the case that there is an extra messenger mass termMφφ¯ in (3) with Ka¨hler K = |X |2−|X |4/Λ2
susy breaks down at φ = φ¯ = X = 0 while the susy preserving minimum lies at X = −M/λ, φφ¯ =
F/λ, for λℓ ≃ λq = λ. With a field transformation X → X˜ = X +M/λ the vacua switch positions
along the X-axis. The potential, then, has a form similar to the potential of the gravitational sta-
bilization. Following the same steps, we find that the temperature at which the X-minimum exits
the tachyonic region |X˜| <
√
F/λ is
T 2X ≃
16
5
FM
λ2Λ2
√
F
λ
(28)
which is of course the same for X and X˜ . The temperature (28) is the analogue of (24) with the
correspondence c/M2P → 2FM/(λΛ2). Fixing the gaugino mass to be of the order O(100) GeV, gives
F ≃ 10−14MP
〈
X˜
〉
= 10−14MPM/λ. The main difference, is that here one has three parameters
(M,Λ, λ) instead of two (Λ, λ) of the gravitational stabilization. The fact that the messengers
have explicit mass M that doesn’t depend on the coupling λ changes the behaviour of the critical
temperature of the transition towards the susy vacua. Namely, from the last relation we take that
λF ≃ 2.4× 104M GeV and the critical temperature (19) reads
T ℓsusy ≃ 107GeV
(
M
2.4× 108GeV
)1/2(
1
3g2 + g′2
)1/2
. (29)
For a given mass M it has a fixed value. The TX is larger than T
ℓ
susy for
λ <
(
0.41× 10−2M
2
Λ2
)1/4(
2.4× 108GeV
M
)1/8
. (30)
Hence, for messenger massM = 2.4×108 GeV and cut-off scale Λ = 2.4×1015 GeV the transition to
the susy breaking vacuum takes place first if λ < 8.0× 10−5; for M = 2.4× 106 GeV, Λ = 2.4× 1015
GeV if λ < 1.4× 10−5, see figure 2. The coupling λ cannot become arbitrary small because gravity
contributions to the soft masses start to dominate, see figure 1. Note that, here, the vev of the
spurion is
〈
X˜
〉
=M/λ and the coupling λ is a free parameter. Hence, for fixed gaugino masses the
gravitino mass will scale like
m3/2 ≃
(
M
2.4× 108GeV
)(
10−6
λ
)
GeV. (31)
We recall here the zero temperature constraints that render the susy breaking vacuum metastable:
λF < M2 and λ2 < 4πM/Λ, see figure 1.
Canonical Ka¨hler
Finally, for the case of canonical Ka¨hler, if there is e.g. a double set of messengers with δW = mφ1φ¯2
(5) which have exotic R-charges both U(1)R and supersymmetry can break down spontaneously via
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Figure 2: The plots show how the critical temperature Tsusy (red dashed line) of the transition to the susy vacua and
the temperature TX (blue line) of the transition to the metastable vacuum scale with the coupling λ, for the cases of
(a) gravitational stabilization and (b) messenger mass Mφφ¯. It demonstrates that as the coupling decreases the TX
becomes larger than the Tsusy. In the white region there is an efficient damping of the spurion oscillations thanks to a
large enough thermal mass i.e. MX > 30H . We consider λ = λℓ = λq and for the messenger mass model, Λ = 2.4× 10
15
GeV.
a second order phase transition [10, 15]. Although there are similarities with the case of Ka¨hler
corrected up to 6th order, here the stabilization of the spurion is basically different. It is due to the
perturbative quantum correction coming from the interaction of the messengers with the X field.
The Coleman-Weinberg potential has a higher order dependence on the coupling i.e. λ2F 2 to leading
order in F 2. It is not straightforward to see from the effective potential which is not of a polynomial
type the critical temperature analytically. The mass squared of the spurion scales like λ4F 2/m2 and
hence we expect that the TX takes the approximate form
TX ∼ λF
m
. (32)
Decreasing the coupling λ also decreases the TX and generally it cannot get larger that Tsusy.
Weak λ means even weaker stabilization of the spurion i.e. smaller mass. Therefore, models of
ordinary gauge mediation with canonical Ka¨hler where the susy vacuum is stabilized due to the
interactions with the messengers (minimal UV completion) cannot become thermally favourable.
In the first case of the global limit, (8), spurion is stabilized by the corrections in the Ka¨hler
function. These corrections have also a perturbative quantum origin but they come from the inter-
action of the spurion with the integrated out degrees of freedom, e.g. with the heavy raifeartons
with different coupling ko. So in that case, decreasing the λ doesn’t change the mass of the spurion.
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4 Conclusions
In this letter we have shown that metastable susy breaking vacua of ordinary gauge mediation with
non-vanishing gaugino masses can be thermally selected. The thermal selection favours a small
coupling between the messengers and the spurion and it can be realized for generic initial vevs of
the fields.
The stronger a field is coupled to the thermal plasma the larger is the ’thermal screening’ effect on
the tree level parameters. Decreasing the coupling makes the zero temperature potential to dominate
quickly over the finite temperature corrections. In the case of messengers, SM gauge bosons don’t
let the thermal mass to drop below gT . On the other hand, the spurion being coupled with the
coupling λ feels only slightly the thermal effects if λ is small enough. Hence, the spurion zero
temperature potential can emerge at higher temperatures than the tree level potential of messengers
(which is responsible for the tachyonic origin). The conclusion is that the temperature TX at which
the metastable susy breaking vacuum appears can be larger than the critical temperature Tsusy of
the transition towards the susy vacuum. This happens in models where the spurion is stabilized
due to Ka¨hler corrections. Therefore, the spurion zero temperature mass is unaffected by decreasing
λ because it originates from the interaction with integrated out heavy fields and not from the
interaction with messenger fields. A coupling 10−8 . λ . 10−4 can make the metastable vacuum
thermally favourable for gravitino with O(10−3 − 1) GeV mass.
Let us note that if the messengers have a Yukawa coupling k to SSM fields, e.g. to Higgses like
in (11), and k > g the thermal mass of messengers is further enhanced. This can relax the upper
bound on the coupling λ for the thermal selection of the metastable vacuum. On the the other
hand, we ask for a weakly interacting spurion, which implies that X should not directly couple to
any observable field, like in (12), with a coupling ǫ > λ.
The selection of the metastable susy breaking vacuum takes place thermally. The oscillations
of the spurion are efficiently damped and thus there is no late entropy production. The reheating
temperature has to be high enough in order that the messengers to get thermalized and also, the
system of fields to get localized in the origin. For small coupling λ and temperatures higher than
about O(107−109) GeV the thermal selection of the metastable vacuum is realized. It is interesting
to note that leptogenesis scenarios can be accommodated in these ordinary gauge mediation models.
We believe that this cosmological constraint on the coupling can be a guide for the hidden sector
gauge mediated susy breaking model building.
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